Optimum filter responses are found for triangular current input pulses occurring in liquid argon ionization chambers used as total absorption detectors. The filters considered are subject to the following constraints: finite width of the output pulse having a prescribed ratio to the width of the triangular input current pulse and zero area of a bipolar antisymmetrical pulse or of a three lobe pulse, as required for high event rates. The feasibility of pulse shaping giving an output equal to, or shorter than, the input one is demonstrated. It is shown that the signal-to-noise ratio remains constant for the chamber interelectrode gap which gives an input pulse width (i.e., electron drif t time) greater than one third of the required output pulse width (i.e., resolving time).
Introduction
Electronic noise and electrode configuration in liquid argon total absorption detectors have been studied in Ref. 1 . It has been shown that the lower limit for electronic noise is determined only by. the chamber volume, electron drift velocity, event resolving time and the unity-gain frequency of the field effect transistor. This limit is approximately the same in the case of equal output waveforms for multipleplate ionization chambers and large gap ionization chambers where the electron drift is much longer than the event resolving time. In all cases it has been assumed that the ionization chamber capacitance is matched to the amplifier capacitance regardless of the method used to achieve this condition. However, the behavior of multiplate chambers in which the drift time is approximately equal to the resolving time (i.e., output pulse width) showed a large increase of noise, due to the assumption in the analysis of a weighting function of a fixed shape and the width equal to the difference between the resolving time Xm and the electron drift time td.
This filter is satisfactory for nearly ballistic excitation (electron drift time less than one half of the resolving time). For the region of significant ballistic deficit and especially when the electron drift time is comparable with resolving time (output response) one needs a general treatment based on the search of an optimum f ilter.
In this paper we investigate the behavior of the optimum ENCS as a function of the ratio Cl of the drift time td and of the finite output pulse width Xm for the cases of unipolar output response wA(t), for zero area three-lobe response wC(t) and for bipolar antisymmetrical response wB(t).
First, we shall consider (Fig. 3 ) the case of unipolar output wA(t) because it leads to a simpler treatment: we shall give thereafter the results for three lobe pulse wC(t) and bipolar output pulse wB(t).
In all cases, we shall see that ENCS has at least one minimum for td/Xm between 0 and 1; however, ENCS increases slightly with respect to the minimum, moving to the right and, for td/xm = 1, ENCS is finite and practically equal to the ENCS obtained with large gaps: td/Xm >> 1 (Figs. 4, 9, and 13).
Representation of Signals and Noise Power
Let us consider (Fig. 1) 
The noise at the filter output is, then, transfer functions G(p), cascaded to L, as shown in Fig. 3(b) , in order to produce the optimum output pulses WA(t), or wB(t), or wC(t). The output noise will be given, recalling Eq. (10) and (11) 
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We note that Wnm(CL) is now finite for every integer value of m and n. Let us now determine G(p) for special uses of interest here which lead, respectively, to the optimum output waveforms wA(t), wC(t), wB(t). 
It is convenient to put the square of this expression in the form,
the equivalent noise charge becomes, 
Then the set of equations (31) becomes, 
The maximum of (wc(t) We get, n-1 2^Gr
Gn is given by Eq. (42), once the system of Eq. (44) has been solved by finding the eigenvalue k and the corresponding eigenvector G1, G2, *.. Gn-. 1
In Table II , the eigenvalues and the eigenvectors are given for Ca = 0.36 and Cl = 1, and in Fig. 9 Figure 16 gives the output responses of the filter HB designed for aL = 1, for input pulse width a = 0.9 and a = 1.1. Sensitivities are 0.85 and 0.57, respectively, for aL = 1 and a = 0.42.
Conclusions
It has been shown that the signal-to-noise ratio remains constant for the chamber interelectrode gap which gives an input pulse width (i.e., electron drift time) greater than about one third of the required output pulse width (i.e., resolving time). Sensitivity to pulse shape, which could arise from changes in drift times, increases from 0 to 1, passing from L = 0 to a = x. Sensitivity is given for ao tand = 1 for filters HA, HB, Hc. 
